glands were investigated histologically and immunohistochemically using anti-cytokeratin monoclonal antibodies, RCK105 and CK19.
Irradiated areas became necrotic one day after YAG laser irradiation.
At three and five days, duct-like structures and epithelial clusters began to regenerate at the periphery of the remaining lobule. Epithelial clusters without ductal spaces were situated at the terminal portion of the duct-like structures. At seven and ten days, duct-like structures were composed of cuboidal or low columnar cells, and the number of epithelial clusters decreased. Immunohistochemically, cells of intralobular ducts in normal rat submandibular glands reacted to RCK105 and CK19. At three and five days, the epithelial cells of duct-like structures were positive for both antibodies.
Many cells in the epithelial clusters showed negative reaction.
However, in some epithelial clusters, inner cells and cells facing narrow luminal spaces were positive for both antibodies.
At seven and ten days, positive reaction for both antibodies was identified in duct-like structures.
This study showed that cells of the epithelial cluster were less mature than those of the duct-like structure, and that in the epithelial cluster, the inner cells were the first to differentiate into intralobular ductal cells.
Clarification of the regenerative process of the salivary gland is important from the viewpoint of clinical medicine. Some researchers have investigated the regenerative process of partially injured salivary gland (HANKS and CHAUDHRY, 1971; YAMANE, 1974; MORIMURA, 1988) . We have examined the regenerative process of rat Submandibular glands after YAG laser irradiation, and reported the remarkable appearance of duct-like structures and epithelial clusters (TAKAHASHI, 1993; TAKAHASHI and WAKITA, 1993) . However, the characteristics and differentiation of duct-like structures and epithelial clusters remain unclear.
Cytokeratins are major components of intermediatesized filaments with diameters of approximately 10 nm that occur within epithelial cells. Twenty different subunits have been identified in cytokeratins by means of biochemical analysis (MOLL et al., 1982 (MOLL et al., , 1990 . Each epithelial cells contain 2-10 different subunits of cytokeratins in the cytoplasm (SUN et al., 1985; EICHNER et al., 1985) . The expression of cytokeratin subunits are different from epithelial cell types (MOLL et al., 1982; SUN et al., 1985; QUINLAN et al., 1985; MORGAN et al.,1987; TAKAI et al., 1988) , and undergo changes during development (BANKS-SCHLEGEL, 1982; QUINLAN et al., 1985; LANE et al., 1985; MARSHAK et al., 1987; GUSTAFSSON et al.,1988; LEE et al., 1990) . These facts suggest that the expression of cytokeratin subunits is related to both the structure and differentiation of epithelial cells (LANE et al., 1985; CLAUSEN et al., 1986) . In pathology, immunohistochemical detection of cytokeratin subunits is applied to diagnoses and studies in the histogenesis of tumors (BORN et al., 1987; YAMADA et al., 1989; SHINOHARA et al., 1989; YASUDA, 1992) . Therefore, we consider it useful to examine the expression of cytokeratin subunits in order to realize the characteristics and differentiation of duct-like structures and epithelial clusters.
The present study employs two types of anti-cytokeratin monoclonal antibodies that can react with cytokeratin No. 7 or with No. 19, based on the report that these subunits have been identified in the duct 168 S. TAKAHASHI and M. WAKITA: epithelium (BORN et al., 1987; GEIGER et al., 1987; DRAEGER et al., 1991) , allowing us to investigate immunohistochemically the regenerative process of the intralobular duct in rat submandibular glands after YAG laser irradiation.
MATERIALS AND METHODS

Experimental procedure
Male Wistar rats aged 7-8 weeks were used in this experiment. The animals were fixed in a supine position under general anesthesia with ether and both submandibular glands were surgically exposed. In order to injure the submandibular glands partially, the central portion of the right gland was irradiated with YAG laser. The conditions of YAG laser irradiation were: wave length, 1.06 um; irradiation mode, continuous wave; wattage, 30 W; time, 1 sec; diameter, 2 mm. The skin wound was sutured after irradiation. The animals were sacrificed at one, three, five, seven and ten days after the operation and the irradiated glands were removed.
For histological examination, specimens were immersed in 10% neutral buffered f ormalin solution for 24 h. After fixation, serial paraffin sections were cut at a 4 jcm thickness and stained with hematoxylineosin.
Immunohistochemical studies
Fresh glands were removed and immediately frozen in liquid nitrogen, and then stored at -80C until sectioning. Cryostat sections of 4-5 um thickness were obtained, air dried, fixed in pure ethanol for 10 min at 4C, rinsed with phosphate-buffered saline (PBS), and then incubated with primary antibodies. Two anti-cytokeratin monoclonal antibodies, RCK105 (SANBIO) and CK19 (Boehringer-Mannheim) were used. The former reacts with 54 kD cytokeratin subunits (cytokeratin No. 7) and the latter reacts with 40 kD cytokeratin subunits (cytokeratin No. 19). Biotinylated anti-mouse goat polyclonal antibodies (GIBCO BRL) were applied as second antibodies, and then the sections were immersed in streptavidin-biotin horseradish peroxidase complex (DAKO). Horseradish peroxidase was colored by 3,3'-diaminobenzidine method. Sections were observed after counter-staining with Mayer's hematoxylin. Specimens of normal submandibular glands were also prepared in the same way as described above.
For immunohistochemical control, normal mouse serum was used in place of primary antibodies.
RESULTS
Histological observation
Detailed aspects of the histological alteration of the submandibular gland after YAG laser irradiation have been described in previous papers (TAKAHASHI, 1993; TAKAHASHI and WAKITA, 1993) . The regenerative process of the intralobular duct can be summarized as follows: The irradiated area became necrotic and a distinct border between necrotic and remaining regions was clearly seen one day after irradiation. At three days, granulation tissue began to increase at the border. Duct-like structures and a small number of small epithelial clusters without ductal spaces were seen in the granulation tissue. At five days, duct-like structures and epithelial clusters increased, and narrow luminal spaces were identified in a few epithelial clusters. At seven and ten days, duct-like structures composed of cuboidal or low columnar cells were observed at the periphery of a regenerating lobule. At the terminal portion of the duct-like structure, a narrow ductal space surrounded by cuboidal cells and few epithelial clusters were seen.
Immunohistochemical observation
In normal submandibular glands, cells of striated and intercalated ducts showed a positive reaction against RCK105. Acinar cells, however, were negative to RCK105 (Fig. la) . Results of CK19 were the same as those of RCK105 (Fig. lb) . One day after irradiation, cells of the intralobular duct in the remaining lobule showed a positive reaction to both RCK105 and CK19. However, no immunoreaction was found in the degenerated intralobular duct cells within the necrotic area. The border between the remaining lobule and necrotic areas was also distinctively recognized after the immunohistochemical staining (Fig. 2a, b) . At three days, epithelial cells of intralobular ducts in the remaining lobule and duct-like structures in the granulation tissue that newly appeared in the bordering region showed a positive reaction against RCK105 as well as CK19 (Fig. 3a, b) . At five days after irradiation, immunoreactive cells against RCK105 were seen in the duct-like structures. In contrast, very few were seen in the epithelial clusters (Fig. 4a) . In some epithelial clusters, only a few inner cells and cells facing the narrow luminal space showed a positive reaction to RCK105 (Fig. 5a) . A similar immunoreaction was also observed using CK19 (Fig. 4b, 5b) . At seven and ten days, epithelial cells in duct-like structures situated at the periphery of regenerating lobule were positive against RCK105 and CK19 (Fig. 6a, b) .
No reaction was seen in the immunohistochemical control sections that were treated with normal mouse serum as the first antibodies.
DISCUSSION
The expression of cytokeratin subunits has been examined immunohistochemically in the epithelial cells of normal salivary glands. In human salivary glands, BORN et al. (1987) GEIGER et al. (1987) and DRAEGER et al. (1991) , and concerning the duct epithelium, were similar to those of BORN et al. (1987) . Therefore, the duct epithelium of rat submandibular gland contains cytokeratin subunits which correspond to cytokeratin No. 7 and No. 19, and both monoclonal antibodies, RCK105 and CK19, can be adequately applied for the investigation of the characteristics and differentiation of the duct epithelium in rat salivary gland.
Duct-like structures that appeared in the regenerative process showed an immunohistochemically positive reaction against RCK105 and CK19, indicating that they possess the characteristics of the duct epithelium. In contrast, most of the cells in epithelial clusters showed a negative reaction against RCK105 and CK19. This finding suggests that cells in epithelial clusters do not have the same cytokeratin subunits that exists in intralobular duct cells.
Particularly interesting is that inner cells or cells facing the narrow luminal space in some epithelial clusters showed a positive reaction against both antibodies. Since epithelial clusters were situated at the terminal portion of duct-like structures and differentiated into duct-like structures during the regenerative process (TAKAHASHI, 1993; TAKAHASHI and WAKITA, 1993) , the inner cells of epithelial clusters seem to acquire initially the characteristics of the duct epithelium, which is then followed by the formation of duct-like structures. This also means that cells of the epithelial clusters are less mature than the epithelial cells of the duct-like structure. HANKS and CHAUDHRY (1971) , observing the ultrastructural regeneration of rat submandibular glands after partial extirpation, reported that cells in epithelial clusters were dedifferentiated ones which resembled embryonic cells, and that two cell types were discerned in epithelial clusters according to differences in the characteristics of cytoplasmic filaments. One cell type possessed the cytofilaments arranged in small bundles, and the other, located at the peripheral region of epithelial cluster, possessed the filaments arranged in dense bundles. Our previous ultrastructural observation of the regeneration of rat submandibular glands after YAG laser irradiation indicated the inner clear cell to contain fine tonofilaments, and the outer dark cell to have aggregated ones (TAKAHASHI, 1993) . The presence of positive and negative cells against both antibodies in epithelial clusters may reflect the difference in these filaments. The range of aggregation patterns of filament bundles reflected possible differences in cytokeratin subunits expressed by epithelial cells (TAKEDA et al., 1988 (TAKEDA et al., ,1990 MIURA and TAKEDA, 1990; ISHIDA et al., 1992) .
The cells negative against both antibodies in epithelial clusters should contain other cytokeratin subunits that were not examined in the present study, since almost all epithelial cells contain some cytokeratins (FRANKS et al., 1978a (FRANKS et al., , b, 1979 SUN and GREEN, 1978; SUN et al., 1979) , Further study with other anticytokeratin antibodies would be necessary to determine the detailed typing of cytokeratin subunits. In conclusion, during the regeneration of the intralobular ducts in the rat submandibular gland, cells in epithelial clusters were less mature than those in duct-like structures, and the inner cells in epithelial clusters were the first to differentiate into intralobular ductal cells. A presage of adult epidermal maturation.
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